Mesoscale convective systems (MCSs) are an important component of our hydrologic cycle as they produce prolific rainfall in the tropics and mid-latitudes. Recent studies show that large errors exist in convection-permitting model simulated updraft intensity and stratiform precipitation associated with MCSs. How well models represent the complex interactions and feedbacks between convective dynamics and microphysics in MCSs remains unknown due to the challenges in obtaining comprehensive observations related to deep convective clouds. Furthermore, convection-permitting climate simulations require a new paradigm of model evaluation strategies as the simulations allow more direct comparisons with observations. In this work, we take advantage of observations collected from both operational and field campaign instruments during the Midlatitude Continental Convective Cloud (MC3E) experiment to evaluate multi-scale aspects of MCSs simulated by the convection-permitting WRF model. We conducted three sets of month-long simulations with 2-moment Morrison and the new Predicted Particle Properties (P3, with 1-ice and 2-ice categories) microphysics, respectively, at 1.8 km grid-spacing over the Southern Great Plains of US in May 2011. MCSs in observations and simulations were tracked using a newly developed FLEXTRKR algorithm based on satellite cloud-top temperature and 3-D radar reflectivity structures. About
15-20 MCSs were identified in the simulations, consistent with observations. Distribution of P3 convective rain rate and rain amount agree better with radar observations than Morrison, but P3 simulations underestimate stratiform rain rate and rain area, resulting in ~30% lower stratiform rain amount. Simulated MCS convective updraft intensities are comparable with radar wind-profiler retrievals for moderate depths of convective cores, but updrafts are too strong for the extreme deep cores. A detailed case study with more comprehensive microphysics observations shows that in all simulations ice water content in the upper-level (> 8 km) stratiform rain area are overestimated. But as ice particles fall to the lower-level (6-8 km) ice water content above the melting layer is underestimated, resulting in smaller stratiform rain liquid water content at the surface compared to disdrometer observations. We also use a polarimetric-radar-retrieved 3-D rain water content estimate to further evaluate the vertical evolution of stratiform rainfall to explain biases in simulated surface precipitation.
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